DESCRIPTION 



FUNCTIONAL BLOCK FOR INTEGRATED CIRCUIT, 
SEMICONDUCTOR INTEGRATED CIRCUIT, 
5 METHOD FOR TESTING SEMICONDUCTOR INTEGRATED CIRCUIT, AND 

METHOD FOR DESIGNING SEMICONDUCTOR INTEGRATED CIRCUIT 

TECHNICAL FIELD 

The present invention relates to a functional block for 
10 integrated circuit (hereinafter, simply referred to as an "IC 
functional block") implemented as a macro cell including a 
self -diagnosis circuit for detecting a fault between func- 
tional blocks, for example. The present invention also re- 
lates to a semiconductor integrated circuit that has been 
15 designed using the IC functional block and to respective 
methods for testing and designing the semiconductor integrat- 
ed circuit. 

BACKGROUND ART 

20 In recent years, demand for designing a semiconductor 

integrated circuit more efficiently by implementing the cir- 
cuit as a combination of functional blocks such as macro 
cells has been increasing. If a semiconductor integrated cir- 
cuit is designed by combining a plurality of functional blocks 

25 with each other, however, there arises a problem in how to 
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test a signal line interconnecting these functional blocks to- 
gether. To solve this problem, according to a conventional 
technique, the operations of a pair of functional blocks in- 
terconnected are tested by externally supplying test data for 
5 operating these functional blocks. According to another con- 
ventional technique, scan circuits are provided for an output 
section of a functional block on the transmitting end and for 
an input section of an associated functional block on the re- 
ceiving end, respectively. And the functional block on the 

10 transmitting end is tested through a scanning operation. 

Hereinafter, a conventional method for testing a semicon- 
ductor integrated circuit made up of a plurality of functional 
blocks will be described with reference to the drawings. 

Figure 25 illustrates a simplified block configuration 

15 for a semiconductor integrated circuit to exemplify a method 
for testing the semiconductor integrated circuit as a first 
prior art example. As shown in Figure 25, the semiconductor 
integrated circuit 500 includes first and second functional 
blocks 501 and 502, for example. A plurality of inter-block 

20 signal lines 503 are provided between the first and second 
functional blocks 501 and 502. External input terminals 504, 
through which parallel data can be input, are provided for the 
input end of the first functional block 501. External output 
terminals 505, through which parallel data can be output, are 

25 provided for the output end of the second functional block 
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502. 

A test is carried out between these functional blocks in 
the following manner. First, a test data pattern is input 
through the external input terminals 504. The first function- 
5 al block 501 supplies a result of an operation, which has been 
performed responsive to the test data pattern received, as an 
output signal onto the inter-block signal lines 503. Next, an 
output signal, which might have been affected by a fault dur- 
ing the propagation through the inter-block signal lines 503, 

10 is input to the second functional block 502. The second func- 
tional block 502 outputs a result of an operation, which has 
been performed responsive to the input signal, through the ex- 
ternal output terminals 505. Based on this result of opera- 
tion, it is determined whether or not there is any fault, 

15 thereby testing the semiconductor integrated circuit 500. A 
similar technique is also applicable to even a semiconductor 
integrated circuit including a multiplicity of functional 
blocks. That is to say, a test data pattern is input to each 
of these functional blocks, and it is decided whether the out- 

20 put result thereof is correct or erroneous. 

Figure 26 illustrates a simplified block configuration 
for a semiconductor integrated circuit to exemplify another 
method for testing the semiconductor integrated circuit as a 
second prior art example. As shown in Figure 26, the semicon- 

25 ductor integrated circuit 510 includes first and second func- 
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tional blocks 511 and 512, for example. A plurality of inter- 
block signal lines 513 are provided between the first and sec- 
ond functional blocks 511 and 512. A scan-in pin 514, through 
which scan data is input, is provided for the input end of the 
5 first functional block 511. A scan-out pin 515, through which 
the scan data is output, is provided for the output end of the 
second functional block 512. At the output end of the first 
functional block 511, a shift register 516, which can output 
data in parallel to the outside, is provided. At the input 
10 end of the second functional block 512, a shift register 517, 
which can receive data in parallel from the outside, is pro- 
vided. In this example, the scan-in pin 514, shift registers 
516 and 517 and scan-out pin 515 are connected in series to 
each other. 

15 A testing method is performed in the following manner. 

First, a test data pattern is scanned in through the scan-in 
pin 514 while being shifted by the shift register 516. The 
first functional block 511 supplies a result of an operation, 
which has been performed responsive to the test data pattern 

20 received, as an output signal onto the inter-block signal 
lines 513. Next, an output signal, which might have been af- 
fected by a fault during the propagation through the inter- 
block signal lines 513, is input to the shift register 517 of 
the second functional block 512. The second functional block 

25 512 shifts out the received signal through the scan-out pin 
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515. Based on the resultant data, it is determined whether or 
not there is any fault, thereby testing the semiconductor in- 
tegrated circuit 510. 

In the semiconductor integrated circuit and the testing 
5 method thereof according to the first prior art example, a 
plurality of pre-designed functional blocks (e.g., macro 
cells) are combined and reused to increase the efficiency in 
designing. However, if the first and second functional 
blocks 501 and 502 are combined and reused, it might be dif- 

10 ficult for the user to produce test data patterns that should 
be propagated through the respective functional blocks. This 
is because the user is not acquainted with the internal con- 
figurations and operations of the functional blocks. Also, 
if the circuit sizes of the first and second functional 

15 blocks 501 and 502 are huge, then it is extremely complicated 
and very difficult to produce test data patterns that should 
be propagated through the respective functional blocks. 

Also, the semiconductor integrated circuit and the 
testing method thereof according to the second prior art ex- 

20 ample require a shift operation to propagate the test data 
patterns through respective functional blocks. Thus, a large 
number of clock cycles should be consumed for that purpose, 
and it is difficult to supply the test data patterns rapidly 
and continuously enough to detect a fault promptly. 

25 In view of the foregoing respects, a first object of the 
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present invention is to make a test easily executable among 
functional blocks even if the user does not know much about 
the internal configurations and operations of the functional 
blocks combined or if the circuit sizes of the functional 
blocks are enormous. A second object of the present inven- 
tion is to make the signal propagation delay between func- 
tional blocks testable rapidly and easily. 

DISCLOSURE OF INVENTION 

A first IC functional block according to the present in- 
vention achieves the first object and includes a test data 
output circuit for outputting test data responsive to a con- 
trol signal indicating a test data transmission state. 

According to the first IC functional block, a test data 
output circuit for outputting test data is provided within 
the IC functional block. Thus, if a semiconductor integrated 
circuit is constructed of the block and another IC functional 
block including a circuit that can receive the test data and 
compare it to an expected value, then the test data can be 
transmitted and received even when the user does not know 
much about the internal configuration and operation of the IC 
functional blocks. Accordingly, even if IC functional blocks 
are combined or the circuit sizes of the IC functional blocks 
are huge, a test among the IC functional blocks can be car- 
ried out easily and accurately in the semiconductor integrat- 



ed circuit. 

In the first ic functional block, the test data output 
circuit preferably includes a plurality of output signal lines 
enabling parallel output, and preferably outputs the test data 
such that an adjacent pair of the output signal lines have mu- 
tually different values. In such an embodiment, when a semi- 
conductor integrated circuit including the first IC functional 
block is tested, a shortcircuit fault in a signal line, which 
interconnects IC functional blocks together, can be detected 
with a lot more certainty. 

In the first IC functional block, the test data output 
circuit preferably outputs the test data changing from one 
value into the other. Then, the second object is accomplished. 
And in a semiconductor integrated circuit composed of a plu- 
rality of IC functional blocks, a fault between the IC func- 
tional blocks, e.g., a signal transition from 0 into 1 or from 
1 into 0 in a time exceeding a predetermined delay time, can 
be detected. 

In the first IC functional block, the test data output 
circuit preferably includes a plurality of output signal lines 
enabling parallel output, and preferably outputs the test data 
such that an adjacent pair of the output signal lines have mu- 
tually different values, and that each of the output signal 
lines outputs the test data alternately changing from one val- 
ue into the other and vice versa. In such an embodiment, when 



a semiconductor integrated circuit including the first IC 
functional block is tested, test data with mutually different 
values, e.g., 0 and 1, can be output through an adjacent pair 
of output signal lines. In addition, the values of the output 
5 signal can also be changed alternately on the time axis, e.g., 
from 0 into 1 and then from 1 into 0. Accordingly, an adja- 
cent pair of signal lines can be tested more accurately as to 
a crosstalk between an adjacent pair of output signal lines, 
for example. 

10 In the first IC functional block, the test data output 

circuit preferably includes a plurality of output signal lines 
enabling parallel output, divides the output signal lines into 
a number 2 n of groups (where n is an integer equal to or 
larger than one) and outputs the test data such that the re- 

15 spective groups divided have mutually different values, which 
change from one value into the other. In such an embodiment, 
the second object is accomplished. And if a semiconductor in- 
tegrated circuit including the first IC functional block is 
tested with the divisor n increased one by one every time un- 

20 til each group is no longer divisible, then a fault resulting 
from the interference by an adjacent signal line, e.g., delay 
or crosstalk, can be detected with more certainty from any 
combination of adjacent output signal lines. That is to say, 
there is no need to consider a combination of adjacent output 

25 signal lines in advance. 
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In the first IC functional block, the test data output 
circuit preferably includes: an original data generating sec- 
tion for generating and outputting first and second original 
data, the first original data being composed of zeros and ones 
5 alternately arranged, the second original data being obtained 
by inverting the first original data; and a selector circuit 
for receiving the first and second original data and selecting 
either the first or second original data in response to a se- 
lection signal externally supplied, thereby outputting the 

10 test data. In such an embodiment, when a semiconductor inte- 
grated circuit including the first IC functional block is 
tested, test data, in which a signal and an inverted signal 
thereof appear alternately and repeatedly, can be generated 
with more certainty. And if a plurality of selector circuits 

15 are provided such that the first and second original data are 
alternately selected by adjacent pairs of output signal lines, 
then test data, in which a signal and an inverted signal 
thereof appear alternately and repeatedly, can be generated in 
the adjacent pairs of output signal lines with more certainty. 

20 In the first IC functional block, the test data output 

circuit preferably includes a plurality of selector circuits, 
and preferably further includes a shift register for receiving 
the selection signal and outputting the input selection signal 
to each said selector circuit. In such an embodiment, the 

25 number of selection signal lines can be cut down to one. Ac- 
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cordingly, the area of an interconnection line for the selec- 
tion signal, which is provided outside, can be reduced and no 
burden is constituted on the interconnection region. 

In the first IC functional block, the test data output 
circuit preferably includes: an original data generating sec- 
tion for generating and outputting original data composed of 
zeros and ones alternately arranged; and a plurality of in- 
verter circuits, each receiving the original data. Control 
signals with mutually inverted values are preferably input to 
the inverter circuits, which output the test data with mutual- 
ly inverted values. In such an embodiment, test data, where 
one signal and an inverted signal thereof are alternately ar- 
ranged, can be generated without providing an interconnection 
for the inverted version of the original data. In addition, 
such test data, where one signal and an inverted signal there- 
of are alternately arranged, can also be generated for an ad- 
jacent pair of output signal lines. Accordingly, since it is 
not necessary to provide an interconnection for the inverted 
version of the original data, no burden is constituted on the 
circuit size. 

In the first IC functional block, the test data output 
circuit preferably further includes a shift register for re- 
ceiving the control signal and outputting the input control 
signal to each said inverter circuit. 

In the first IC functional block, the test data output 
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circuit preferably includes: a plurality of test data generat- 
ing sections for generating mutually different test data; and 
a test data selecting section for selecting one of the test 
data generating sections responsive to the control signal. In 
such an embodiment, when a semiconductor integrated circuit 
including the first IC functional block is tested, optimum da- 
ta for testing can be selectively output from a plurality of 
mutually different test data. As a result, the efficiency in 
testing can be improved. 

The first IC functional block preferably further in- 
cludes a decision result output circuit for receiving the test 
data responsive to a control signal indicating a test data re- 
ception state, deciding whether the test data received is cor- 
rect or erroneous, and outputting a result of the decision. 
In such an embodiment, when a semiconductor integrated circuit 
including a plurality of first IC functional blocks is tested, 
it is possible to specify not only at least one of the IC 
functional blocks, which should receive the test data, but al- 
so the testing interval of each of the IC functional blocks. 
Accordingly, the accuracy of testing per IC functional block 
can be improved. 

The first IC functional block preferably further in- 
cludes a testing standby circuit for blocking the output of an 
output signal responsive to a control signal indicating a 
testing standby state. In such an embodiment, when a semicon- 
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ductor integrated circuit including a plurality of first ic 
functional blocks is tested, one of the IC functional blocks 
can be in test data transmission state, while at the same time 
another IC functional block can be in testing standby state. 
Thus, even if a signal line is shared in common between 
blocks, it is possible to prevent the test data from colliding 
against each other on the signal line. As a result, testing 
can be performed between the blocks more accurately. 

In the first IC functional block, the test data output 
circuit preferably includes an inverted data generating sec- 
tion for inverting a value of the test data responsive to the 
control signal indicating the testing standby state. In such 
an embodiment, in testing a semiconductor integrated circuit, 
where a plurality of first IC functional blocks are used and 
one of the IC functional blocks shares an output signal line 
in common with another IC functional block, the former IC 
functional block can be in test data transmission state, while 
at the same time the latter IC functional block can be in 
testing standby state. Accordingly, the inverted data gen- 
erating section of the latter IC functional block outputs the 
inverted version of the test data, which has been output from 
the former IC functional block, to its output section, the 
output of which is being blocked (e.g., in high impedance 
state). Thus, if there is any fault in the output section of 
the latter IC functional block, the inverted version of the 
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test data is output from the output section of the latter IC 
functional block to an output signal line, which is shared 
with the former IC functional block, so as to collide against 
the test data output from the former IC functional block. As 
5 a result , if there is any abnormality in the test data from 
the former IC functional block during the testing thereof , 
then that abnormality can be observed by the IC functional 
block on the receiving end with more certainty. 

The first IC functional block preferably further in- 

10 eludes: a decision result output circuit for receiving the 
test data responsive to a control signal indicating a test da- 
ta reception state, deciding whether the test data received is 
correct or erroneous, and outputting a result of the decision; 
and a testing standby circuit for blocking the output of an 

15 output signal responsive to a control signal indicating a 
testing standby state. 

A second IC functional block according to the present 
invention includes a decision result output circuit for re- 
ceiving test data responsive to a control signal indicating a 

20 test data reception state, deciding whether the test data re- 
ceived is correct or erroneous, and outputting a result of the 
decision. 

According to the second IC functional block, a decision 
result output circuit for receiving test data and deciding 
25 whether the test data received is correct or erroneous is 
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provided within the IC functional block. Thus, if a semicon- 
ductor integrated circuit is constructed of the block and 
another IC functional block including a circuit that can out- 
put the test data, then the test data can be transmitted and 
5 received even when the user does not know much about the in- 
ternal configuration and operation of the IC functional 
blocks. Accordingly, even if IC functional blocks are com- 
bined or the circuit sizes of the IC functional blocks are 
huge, a test among the IC functional blocks can be carried 
10 out easily and accurately in the semiconductor integrated 
circuit. 

In the second IC functional block, the decision result 
output circuit preferably includes a plurality of expected 
value comparing sections, each comparing the test data to an 
15 expected value of the test data. In such an embodiment, even 
if a plurality of mutually different test data are received 
while a semiconductor integrated circuit including the second 
IC functional block is being tested, the decision can be per- 
formed correctly. 

20 In the second IC functional block, the decision result 

output circuit preferably outputs the decision result on de- 
ciding that the test data is erroneous. In such an embodi- 
ment, as soon as the second IC functional block has received 
abnormal test data, which is different from the expected value 

25 thereof, while a semiconductor integrated circuit including 
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the second IC functional block is being tested, the pres- 
ence/absence of the fault can be estimated outside of the 
functional block. 

In the second IC functional block, the decision result 
5 output circuit preferably includes holding means for holding 
the decision result thereon. In such an embodiment, while a 
semiconductor integrated circuit including the second IC func- 
tional block is being tested, it is possible to determine 
whether or not there is any fault by monitoring, from the out- 

10 side of the functional block, a decision result signal, indi- 
cating that the second IC functional block has received 
abnormal test data, either when the testing ends or every time 
a predetermined interval has passed. Accordingly, batch proc- 
essing can be carried out for the testing purposes. 

15 In the second IC functional block, the holding means is 

preferably a shift register. In such an embodiment, even if 
the decision result signal is found to be a bit pattern as a 
result of monitoring the decision result signal from the out- 
side of the functional block , the bit pattern of the decision 

20 result signal can be output in its entirety without getting 
the decision result signal stuck at one-bit information repre- 
senting only the presence or absence of a fault. Accordingly, 
the test data received can be monitored in detail on a bit-by- 
bit basis. Furthermore, since the number of output pins re- 

25 quired is only one, no burden is constituted on the intercon- 
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nection region. 

The second IC functional block preferably further in- 
cludes a testing standby circuit for blocking the output of an 
output signal responsive to a control signal indicating a 
testing standby state. 

A third IC functional block according to the present in- 
vention includes a testing standby circuit for blocking the 
output of an output signal responsive to a control signal in- 
dicating a testing standby state. 

According to the third IC functional block, a testing 
standby circuit for blocking the output of an output signal 
responsive to a control signal indicating a testing standby 
state is provided within the IC functional block. Thus, if a 
semiconductor integrated circuit is constructed of the block 
and another IC functional block including a circuit that can 
output the test data and a decision result output circuit for 
deciding whether the test data received is correct or errone- 
ous, then testing can be performed between these blocks more 
accurately. This is because it is possible to prevent the 
test data from colliding against each other on a signal line 
that is shared between the blocks. As a result, the test da- 
ta can be transmitted and received even when the user does 
not know much about the internal configuration and operation 
of the IC functional blocks. Accordingly, even if IC func- 
tional blocks are combined or the circuit sizes of the IC 
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functional blocks are huge, a test among the IC functional 
blocks can be carried out easily and accurately in the semi- 
conductor integrated circuit. 

A semiconductor integrated circuit according to the pre- 
sent invention accomplishes the first and second objects. The 
semiconductor integrated circuit includes: a first functional 
block including a test data output circuit for outputting 
test data responsive to a first control signal indicating a 
test data transmission state; a second functional block for 
integrated circuit, including a decision result output circuit 
for receiving the test data responsive to a second control 
signal indicating a test data reception state, deciding wheth- 
er the test data received is correct or erroneous, and output- 
ting a result of the decision; a test control output section 
for outputting the first and second control signals to the 
first and second IC functional blocks, respectively; and a 
test result output circuit for receiving a decision result 
signal from the decision result output circuit and outputting 
the received decision result signal as a test result signal. 

In the semiconductor integrated circuit according to the 
present invention, by externally operating the test control 
output section, the test data can be output from the first IC 
functional block and can be received by the second IC func- 
tional block, in which it is decided whether the test data is 
correct or erroneous by comparing it to its expected value. 
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And the result of the decision can be monitored from the out- 
side. Accordingly, even if IC functional blocks are combined 
or the circuit sizes of the IC functional blocks are huge, a 
test among the IC functional blocks, of which the semiconduc- 
tor integrated circuit is made up, can be carried out easily 
and accurately. 

The semiconductor integrated circuit of the present in- 
vention preferably further includes: an output signal line 
including a plurality of signal paths interconnecting the 
first and second IC functional blocks together; and a switch- 
ing circuit, which is connected to the output signal line, 
for switching the signal paths by selecting one of the signal 
paths. The test data output circuit preferably outputs a 
path control signal for controlling the switching circuit. 
In such an embodiment, even if the output signal line inter- 
connecting the first and second IC functional blocks together 
is designed to have a plurality of signal paths, the respec- 
tive signal paths of the output signal line can be tested 
with more certainty. 

In the semiconductor integrated circuit of the present 
invention, the test result output circuit preferably outputs 
the test result on receiving the decision result. In such an 
embodiment, as soon as the IC functional block has received 
abnormal test data, which is different from the expected value 
thereof, the presence/absence of a fault can be estimated out- 
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side of the semiconductor integrated circuit. 

In the semiconductor integrated circuit of the present 
invention , the test result output circuit preferably includes 
holding means for holding the decision result thereon. In such 
an embodiment/ it is possible to determine whether or not 
there is any fault by monitoring, from the outside of the 
semiconductor integrated circuit, a decision result signal, 
indicating that the IC functional block has received abnormal 
test data, either when the testing ends or every time a prede- 
termined interval has passed. Accordingly, batch processing 
can be carried out for the testing purposes. 

The semiconductor integrated circuit of the present in- 
vention preferably further includes a third IC functional 
block, including a testing standby circuit for blocking the 
output of an output signal responsive to a third control sig- 
nal indicating a testing standby state. And the test control 
output section preferably outputs the third control signal to 
the third IC functional block. In such an embodiment, even if 
an inter-block signal line is shared in common between the 
third and first IC functional blocks, it is possible to pre- 
vent the signals from colliding against each other, because 
the third IC functional block is made to enter a standby 
state. As a result, the inter-block signal line can be tested 
more accurately. 

The semiconductor integrated circuit of the present in- 
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vention preferably further includes: an output signal line 
including a plurality of signal paths interconnecting one of 
the first, second and third IC functional blocks to the other 
ones; and a switching circuit, which is connected to the out- 
put signal line, for switching the signal paths by selecting 
one of the signal paths. The test data output circuit pref- 
erably outputs a path control signal for controlling the 
switching circuit. 

The semiconductor integrated circuit of the present in- 
vention preferably includes a plurality of the second IC 
functional blocks . Each said second IC functional block pref- 
erably includes a shift register for holding the decision re- 
sult thereon. And the shift registers are preferably connected 
together to constitute a single shift register. In such an 
embodiment, even if the decision result signal is found to be 
composed of a plurality of bit patterns as a result of moni- 
toring the decision result signal from the outside of the 
semiconductor integrated circuit, all the bit patterns of the 
respective IC functional blocks, which are waiting for the 
output of the decision result, can be output continuously by 
coupling the first shift registers together and without get- 
ting the decision result signal stuck at one-bit information 
representing only the presence or absence of fault. Accord- 
ingly, the test data received can be monitored in detail on a 
bit-by-bit basis. Furthermore, since the number of output pins 
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required is only one, no burden is constituted on the inter- 
connection region. 

A method for testing a semiconductor integrated circuit 
according to the present invention accomplishes the first and 
second objects. The semiconductor integrated circuit in- 
cludes : a first functional block including a test data output 
circuit for outputting test data responsive to a first con- 
trol signal indicating a test data transmission state; a sec- 
ond functional block for integrated circuit, including a 
decision result output circuit for receiving the test data re- 
sponsive to a second control signal indicating a test data re- 
ception state, deciding whether the test data received is 
correct or erroneous, and outputting a result of the decision; 
a third functional block for integrated circuit, including a 
testing standby circuit for blocking the output of an output 
signal responsive to a third control signal indicating a 
testing standby state; a test control output section for out- 
putting the first, second and third control signals to the 
first, second and third IC functional blocks, respectively; 
and a test result output circuit for receiving a decision re- 
sult signal from the decision result output circuit and out- 
putting the received decision result signal as a test result 
signal. The method includes: a test data transmitting step 
for making the test control output section output the first 
control signal to make the test data output circuit of the 
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f irst . IC functional block output the test data; a test data 
receiving step for making the test control output section 
output the second control signal to make the decision result 
output circuit of the second IC functional block, which is 
5 connected to the first IC functional block, receive the test 
data; a testing standby step for making the test control out- 
put section output the third control signal to make the 
testing standby circuit of the third IC functional block, 
which is connected to the first IC functional block, block the 

10 output; and a test result reading step for reading the test 
result from the test result output circuit. 

In the method for testing a semiconductor integrated 
circuit according to the present invention, the connection 
between the first and second IC functional blocks can be 

15 tested by making the first IC functional block enter test 
data transmission state and the second IC functional block, 
which is connected to the first IC functional block, enter 
test data reception state, respectively. And at the same 
time, the third IC functional block is made to enter standby 

20 state. Thus, it is possible to prevent the signal, supplied 
from the third IC functional block, from colliding against 
the test data. Accordingly, even if IC functional blocks are 
combined or the circuit sizes of the IC functional blocks are 
huge, a test among the IC functional blocks, which the semi- 

25 conductor integrated circuit is made up of, can be carried 
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out easily and accurately. 

In the method for testing a semiconductor integrated 
circuit according to the present invention, the test data 
output circuit preferably includes a plurality of output sig- 
5 nal lines enabling parallel output. The test data transmit- 
ting step preferably includes: an initial signal line dividing 
step for dividing the output signal lines into two groups and 
outputting the test data through the output signal lines such 
that the respective groups divided have mutually different 

10 values, which change from one value into the other; a signal 
line dividing step for dividing each said group into two 
groups and outputting the test data through the output signal 
lines such that the respective groups divided have mutually 
different values, which change from one value into the other; 

15 and a testing step for repeatedly performing the signal line 
dividing step until the output signal line belonging to each 
said group is no longer divisible. In such an embodiment, the 
second object is accomplished. First, the IC functional 
blocks are divided into two groups in the initial signal line 

20 dividing step, and test data with mutually different values, 
e.g., 0 and 1, are output through the pair of groups adjacent 
to each other. In addition, the test data is output to change 
alternately on the time axis, e.g., from 0 into 1 or from 1 
into 0. And if testing is performed as in the initial signal 

25 line dividing step with the divisor increased one by one every 



time until each group is no longer divisible, then a fault re- 
sulting from the interference by an adjacent signal line, 
e.g., delay or crosstalk, can be detected from any combination 
of adjacent output signal lines. That is to say, there is no 
5 need to consider a combination of adjacent output signal lines 
in advance. 

A method for designing a semiconductor integrated cir- 
cuit according to the present invention is adapted to design 
a semiconductor integrated circuit using a plurality of IC 

10 functional blocks. Each said IC functional block performs a 
predetermined function of a logic or memory circuit. The 
method includes: a functional block designing step for intro- 
ducing, into each of the IC functional blocks, at least one of 
a test data output circuit for outputting test data respon- 

15 sive to a control signal indicating a test data transmission 
state, a decision result output circuit for receiving the test 
data responsive to a control signal indicating a test data re- 
ception state, deciding whether the test data received is cor- 
rect or erroneous, and outputting a result of the decision and 

20 a testing standby circuit for blocking the output of an output 
signal responsive to a control signal indicating a testing 
standby state; a functional block library forming step for 
forming a library of functional blocks by registering the IC 
functional blocks, which have been made in the functional 

25 block designing step, at the library; and a functional block 
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selecting step for selecting such an IC functional block as 
enabling a desired semiconductor integrated circuit from the 
IC functional blocks that are included in the library of func- 
tional blocks . 

In the method for designing a semiconductor integrated 
circuit according to the present invention, the first through 
third IC functional blocks and semiconductor integrated cir- 
cuit according to the present invention can be implemented 
just as designed. 

Also, a testing-dedicated functional block for integrat- 
ed circuit, which is made up of only the test data output 
circuits or decision result output circuits and does not in- 
clude any circuits performing a predetermined function such as 
a logic or memory circuit, may be built. And a semiconductor 
integrated circuit may be constructed by combining the test- 
ing-dedicated functional block for integrated circuit with an 
IC functional block including the circuits with a predeter- 
mined function. Then, the connection between the IC function- 
al blocks including the circuit with a predetermined function 
can be tested without increasing the circuit size thereof. 

As described above, in the functional block for inte- 
grated circuit, semiconductor integrated circuit using the IC 
functional block, and respective methods for testing and des- 
igning the semiconductor integrated circuit according to the 
present invention, the number of steps of generating test da- 
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ta can be reduced in designing a semiconductor integrated cir- 
cuit using IC functional blocks, which are combined or have an 
internal configuration about which much isn't known or have a 
large circuit size. Accordingly, a test among the IC func- 
tional blocks, of which a semiconductor integrated circuit is 
made up, can be carried out easily and accurately. As a re- 
sult, semiconductor integrated circuits are obtained with the 
fraction defective thereof reduced. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a circuit diagram illustrating IC functional 
blocks and a semiconductor integrated circuit, which is made 
up of the IC functional blocks, according to a first embodi- 
ment of the present invention. 

Figure 2 is a circuit diagram illustrating a decision 
result output circuit of the IC functional block according to 
the first embodiment of the present invention. 

Figure 3 is a circuit diagram illustrating a test result 
output circuit of the IC functional block according to the 
first embodiment of the present invention. 

Figure 4 is a flowchart illustrating a method for 
testing a semiconductor integrated circuit according to the 
first embodiment of the present invention. 

Figure 5 is a table illustrating test data patterns used 
for testing semiconductor integrated circuits according to 
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the first , fifth, sixth, eighth and ninth embodiments of the 
present invention . 

Figure 6 is a circuit diagram illustrating IC functional 
blocks and a semiconductor integrated circuit, which is made 
up of the IC functional blocks, according to a first modified 
example of the first embodiment of the present invention. 

Figure 7 is a circuit diagram illustrating IC functional 
blocks and a semiconductor integrated circuit, which is made 
up of the IC functional blocks, according to a second modi- 
fied example of the first embodiment of the present inven- 
tion. 

Figure 8 is a circuit diagram illustrating IC functional 
blocks and a semiconductor integrated circuit, which is made 
up of the IC functional blocks, according to a third modified 
example of the first embodiment of the present invention. 

Figure 9 is a schematic illustrating a library of IC 
functional blocks used in designing a semiconductor integrat- 
ed circuit according to a second embodiment of the present 
invention. 

Figure 10 is a circuit diagram illustrating a test data 
output circuit of an IC functional block according to a third 
embodiment of the present invention. 

Figure 11 is a table illustrating test data patterns 
used for testing a semiconductor integrated circuit according 
to the third embodiment of the present invention. 
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Figure 12 is a circuit diagram illustrating a test data 
output circuit of an IC functional block according to a first 
modified example of the third embodiment of the present in- 
vention. 

5 Figure 13 is a circuit diagram illustrating a test data 

output circuit of an IC functional block according to a sec- 
ond modified example of the third embodiment of the present 
invention. 

Figure 14 is a circuit diagram illustrating a test data 
10 output circuit of an IC functional block according to a third 
modified example of the third embodiment of the present in- 
vention. 

Figures 15(a) through 15(c) are tables illustrating out- 
put patterns of test data used for testing a semiconductor 
15 integrated circuit according to a fourth modified example of 
the third embodiment of the present invention. 

Figure 16 is a table illustrating test data patterns 
used for testing semiconductor integrated circuits according 
to fourth and fifth embodiments of the present invention. 
20 Figure 17(a) is a block circuit diagram illustrating a 

test data output circuit of an IC functional block according 
to the fifth embodiment of the present invention; and 

Figure 17(b) is a block circuit diagram illustrating a 
decision result output circuit of the IC functional block ac- 
25 cording to the fifth embodiment of the present invention. 
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Figure 18 is a circuit diagram illustrating a decision 
result output circuit of an IC functional block according to 
a sixth embodiment of the present invention. 

Figure 19 is a circuit diagram illustrating a test re- 
5 suit output circuit of an IC functional block according to a 
seventh embodiment of the present invention. 

Figure 20 is a circuit diagram illustrating a decision 
result output circuit of an IC functional block according to 
an eighth embodiment of the present invention. 
10 Figure 21 is a circuit diagram illustrating a test data 

output circuit of an IC functional block according to a ninth 
embodiment of the present invention. 

Figure 22 is a circuit diagram illustrating a semicon- 
ductor integrated circuit according to a tenth embodiment of 
15 the present invention. 

Figure 23 is a table illustrating test data patterns 
used for testing the semiconductor integrated circuit accord- 
ing to the tenth embodiment of the present invention. 

Figure 24 is a table illustrating test data patterns 
20 used for testing the semiconductor integrated circuit accord- 
ing to the tenth embodiment of the present invention. 

Figure 25 is a schematic block diagram of a conventional 
semiconductor integrated circuit illustrating an exemplary 
method for testing the functional blocks thereof. 
25 Figure 26 is a schematic block diagram of a conventional 
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semiconductor integrated circuit illustrating an exemplary 
method for testing the functional blocks thereof using shift 
registers. 



5 BEST MODE FOR CARRYING OUT THE INVENTION 

An IC functional block, which is the object of the pre- 
sent invention, may be a so-called "macro cell" composed of 
logic circuits, RAMs, ROMs, ALUs, etc. It should be noted, 
however, that the block may be a functional block for a semi- 
10 conductor integrated circuit, which is called "IP (intellectu- 
al property)", "VC (virtual component)" or "core". 

(First Embodiment) 

A first embodiment of the present invention will be de- 

15 scribed with reference to the drawings . 

Figure 1 illustrates a circuit configuration of func- 
tional blocks for integrated circuit and a semiconductor in- 
tegrated circuit, which is made up of the functional blocks 
for integrated circuit, according to a first embodiment of 

20 the present invention. As shown in Figure 1, the semiconduc- 
tor integrated circuit 1 includes first, second and third 
functional blocks 10, 20, 30 for integrated circuit (herein- 
after, simply referred to as "functional blocks"), for exam- 
ple. These functional blocks 10, 20 and 30 are coupled 

25 together via a 4-bit inter-block signal line 2. In this exam- 



pie, the inter-block signal line 2 is connected to bidirec- 
tional pins (not shown) of the first and second functional 
blocks 10 and 20 and to an input pin (not shown) of the third 
functional block 30. 

The semiconductor integrated circuit 1 further includes 
a test mode decoder 4, which is implemented as an exemplary 
test control output section for receiving an external control 
signal and outputting a test control signal through test con- 
trol signal lines 3 to these functional blocks 10, 20 and 30. 
The semiconductor integrated circuit 1 further includes a 
test result output circuit 6, which receives a decision result 
signal including information about the test results from the 
functional blocks 10, 20 and 30 through a decision result sig- 
nal line 5 and outputs the input decision result signal as a 
test result signal to an external terminal 7. 

The first functional block 10 includes: a logic circuit 
11 performing the predetermined function of the first func- 
tional block 10 and outputting its result; a test data output 
circuit 12, which operates during testing and outputs a pre- 
determined test data pattern; a selector 13 for selectively 
outputting either the output signal of the logic circuit 11 
or that of the test data output circuit 12; a testing standby 
circuit 14, which is connected between the selector 13 and 
bidirectional pin and makes the functional block enter a 
standby state during testing; a tristate buffer 15 that is 
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made to have a high impedance by the testing standby circuit 
14; and a decision result output circuit 16, which receives a 
test data pattern from the second functional block, compares 
the received test data pattern to an expected value stored 
therein, and outputs a decision result signal thereof to the 
decision result signal line 5. 

The second functional block 20 has a different layout 
than that of the first functional block 10, but includes the 
same components as the first functional block 10. That is to 
say, the second functional block 20 also includes logic cir- 
cuit 21, test data output circuit 22, selector 23, testing 
standby circuit 24, tristate buffer 25 and decision result 
output circuit 26. 

The third functional block 30 includes only a logic cir- 
cuit 31 and a decision result output circuit 36. In this ex- 
ample, the test data output circuits 12, 22, selectors 13, 
23, testing standby circuits 14, 24 and decision result out- 
put circuits 16, 26, 36 are connected to the test control 
signal lines 3. 

Figure 2 illustrates an exemplary decision result output 
circuit 16, 26, 36 of the functional block according to this 
embodiment. For example, the decision result output circuit 
36 included in the third functional block 30 includes: a test 
data input terminal 361, at which the test data pattern is in- 
put from the inter-block signal line 2; a control signal input 
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terminal 362 , which is connected to the test control signal 
line 3; and an output terminal 363, through which the decision 
result signal is output as shown in Figure 2, 

The decision result output circuit 36 includes: an ex- 
5 pected value comparing section 364, which receives the test 
control signal and test data pattern through the control sig- 
nal and test data input terminals 362, 361 f respectively, 
compares the input test data pattern on a bit-by-bit basis to 
the expected values that have been stored and standardized in 

10 advance, and outputs disagreeing bits as HIGH data when out- 
put as parallel data; and a latch section 365 for instantane- 
ously outputting the result of comparison as a decision 
result signal to the test result output circuit 6. 

The latch section 365 may include: an OR circuit 365A 

15 with such a number of input terminals as corresponding to the 
bit width of the test data pattern; and a flip-flop circuit 
365B. The OR circuit 365A gets the decision result signal, 
which has been supplied from the expected value comparing sec- 
tion 364, stuck at one bit and then outputs it to the flip- 

20 flop circuit 365B. 

Figure 3 illustrates an exemplary test result output 
circuit 6 of the semiconductor integrated circuit according 
to this embodiment. As shown in Figure 3, the test result 
output circuit 6 includes: decision result signal input ter- 

25 minals 61, at which decision result signals are input through 
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the decision result signal line 5; and an output terminal 62 
for outputting the input decision result signal as a test re- 
sult signal therethrough. 

The test result output circuit 6 includes a latch sec- 
5 tion 63 for receiving and latching the decision result sig- 
nals in parallel through the decision result signal input 
terminals 61 and then outputting them to the outside instan- 
taneously. 

The latch section 63 may include: an OR circuit 63A with 

10 the same number of input terminals as that of the decision re- 
sult signal input terminals 61; and a flip-flop circuit 63B. 
The OR circuit 63A gets the test result signal stuck at one 
bit and then outputs it to the flip-flop circuit 63B. 

Hereinafter , a method for testing the semiconductor in- 

15 tegrated circuit 1 with the above configuration, specifi- 
cally, a method for detecting a fault from the inter-block 
signal line 2 between the first and second functional blocks 
10 and 20, will be described with reference to the drawings. 

Figure 4 illustrates a flowchart of a method for testing 

20 the semiconductor integrated circuit according to the first 
embodiment of the present invention. As shown in Figure 4, 
first, in a test control signal outputting step SOI , control 
signals are sent to the test mode decoder 4 of the semiconduc- 
tor integrated circuit 1 shown in Figure i, thereby transmit- 

25 ting predetermined test control signals to the respective 
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components through the test control signal lines 3. For exam- 
ple, a first test control signal may be transmitted to the 
first functional block 10 , thereby making the block 10 enter a 
test data transmission state. A third test control signal may 
5 be transmitted to the second functional block 20, thereby mak- 
ing the block 20 enter a testing standby state. And a second 
test control signal may be transmitted to the third functional 
block 30, thereby making the block 30 enter a test data recep- 
tion state. 

10 Then, in the first functional block 10 shown in Figure 

1, the test data output circuit 12 is activated and the 
testing standby circuit 14 is deactivated. As a result, a 
test data pattern, which has been prepared and standardized 
in advance, is output through the inter-block signal line 2 

15 to the third functional block 30. In the second functional 
block 20, the testing standby circuit 24 is activated. Ac- 
cordingly, the tristate buffer 25 is made to enter a high- 
impedance state so that no signal is output to the inter- 
block signal line 2. In the third functional block 30, the 

20 decision result output circuit 36 is activated and the block 
30 gets ready to receive the test data pattern from the first 
functional block 10. 

Suppose the test data output circuit 12 of the first 
functional block 10 outputs the test data patterns shown in 

25 Figure 5, for example. In this case, a test data pattern, 
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where all of the 4-bit data are "1", is output at a time tl, 
and then another test data pattern, where all of the 4-bit 
data are "0", is output at a time t2. In these test data 
patterns, a bit pattern consisting of "1" bits only and a bit 
pattern consisting of "0" bits only are both propagated 
through the inter-block signal line 2. Alternatively, a bit 
pattern of "0" bits may be transmitted first, and then a bit 
pattern of "1" bits may be transmitted. 

On the other hand, the decision result output circuit 36 
of the third functional block 30 shown in Figure 1 deter- 
mines, through comparison, whether or not the test data pat- 
terns shown in Figure 5 arrived at times tl and t2, 
respectively, latches the results therein and then outputs 
the results to the test result output circuit 6 through the 
decision result signal line 5. The test result output cir- 
cuit 6 receives the decision result signal from the decision 
result output circuit 36, latches the decision result signal 
received therein and then outputs it to the external output 
terminal 7 of the semiconductor integrated circuit 1. 

Next, in a go/no-go determination step S02 shown in Fig- 
ure 4, which is equivalent to the test result readout step, 
the decision signals, which are supplied from the test result 
output circuit 6 for the test data patterns output at the 
times tl and t2, are checked using an external monitor or the 
like electrically connected to the semiconductor integrated 
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circuit 1. if one of the decision signals associated with the 
times tl and t2 turns out to have an abnormal value, then the 
semiconductor integrated circuit 1 under the test is evaluated 
defective, or "no-go". On the other hand, if the decision 
signals associated with the times tl and t2 both turn out to 
have respective normal values, then the semiconductor inte- 
grated circuit 1 is evaluated "go" as for the test items about 
the test data patterns shown in Figure 5. 

As can be understood, even if the user does not know 
much about the configurations (i.e., the circuit or function- 
al configurations) of the respective functional blocks 10, 20 
and 30 or if the circuit sizes are too huge to produce test 
data with ease, the inter-block signal line 2 can be tested 
easily and accurately according to this embodiment. 

It is noted that the first and second functional blocks 
10 and 20 may enter testing standby and test data transmission 
states, respectively. That is to say, it is naturally pos- 
sible to carry out a test with a desired combination. 

Also, in the first and second functional blocks 10 , 20, 
the logic circuits 11, 21 are used as exemplary circuits with 
predetermined functions. Alternatively, memory circuits, mul- 
tiplier circuits, etc., may also be used. 

Furthermore, the bit width of the inter-block signal line 
2 is supposed to be 4 bits for the sake of simplicity. How- 
ever, the present invention is in no way limited to any par- 
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ticular bit width, but is applicable to any desired bit width. 

(First Modified Example of First Embodiment) 

Hereinafter, a first modified example of the first em- 
5 bodiment of the present invention will be described with ref- 
erence to the drawings. 

Figure 6 illustrates circuit configurations of function- 
al blocks and a semiconductor integrated circuit, which is 
made up of these functional blocks, according to a first 
10 modified example of the first embodiment. In Figure 6, the 
same components as those illustrated in Figure 1 are identi- 
fied by the same reference numerals and the description 
thereof will be omitted herein. The semiconductor integrated 
circuit 1 shown in Figure 6 includes first, second and third 
15 functional blocks 10, 20A and 30. This embodiment is charac- 
terized in that only one of the functional blocks 10, 20A and 
30 included in the semiconductor integrated circuit 1 includes 
the test data output circuit. In the illustrated example, on- 
ly the first functional block 10 includes the test data output 
20 circuit 12 as shown in Figure 6. 

In this configuration, the total circuit size of the 
functional blocks can be reduced compared to providing the 
test data output circuits for all the functional blocks that 
are coupled together via the output or bidirectional pins. 
25 Accordingly, the inter-block signal line 2 can be tested in 
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only one direction. However, this embodiment is effectively 
applicable to a situation where the circuit size of a semi- 
conductor integrated circuit 1 to be designed must be reduced 
even if the coverage of the test items should be partially 
given up, 

(Second Modified Example of First Embodiment) 

Hereinafter, a second modified example of the first em- 
bodiment of the present invention will be described with ref- 
erence to the drawings . 

Figure 7 illustrates circuit configurations of function- 
al blocks and a semiconductor integrated circuit, which is 
made up of these functional blocks, according to a second 
modified example of the first embodiment. In Figure 7, the 
same components as those illustrated in Figure 6 are identi- 
fied by the same reference numerals and the description 
thereof will be omitted herein. The semiconductor integrated 
circuit 1 shown in Figure 7 includes first, second and third 
functional blocks 10A, 20A and 30. This embodiment is charac- 
terized in that only one of the functional blocks 10A, 20A and 
30 included in the semiconductor integrated circuit 1 includes 
the test data output circuit. This embodiment is further 
characterized in that the first functional block 10A is a 
testing-dedicated functional block not including any circuit 
with a predetermined function that is used during normal op- 
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eration. 

In this configuration, the inter-block signal line 2 can 
be tested by connecting the testing-dedicated first functional 
block 10A between the second and third functional blocks 20A 
and 30 including no test data output circuits. Accordingly, 
increase in circuit size can be suppressed. 

(Third Modified Example of First Embodiment) 

Hereinafter, a third modified example of the first em- 
bodiment of the present invention will be described with ref- 
erence to the drawings. 

Figure 8 illustrates circuit configurations of function- 
al blocks and a semiconductor integrated circuit, which is 
made up of these functional blocks, according to a third 
modified example of the first embodiment. In Figure 8, the 
same components as those illustrated in Figure 7 are identi- 
fied by the same reference numerals and the description 
thereof will be omitted herein. The semiconductor integrated 
circuit 1 shown in Figure 8 includes first, second, third and 
fourth functional blocks 10A, 20B, 20C and 30A. Neither the 
second nor third functional block 20B, 20C includes any test 
data output circuit or decision result output circuit. Also, 
the fourth functional block 30A is a testing-dedicated func- 
tional block, which includes no circuit with a predetermined 
function, but consists of only the decision result output cir- 
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cuit 36. 

In this configuration, the inter-block signal line 2 can 
be tested by connecting the first and fourth functional blocks 
10A and 30A, which are dedicated to the transmission and re- 
ception of test data, respectively, between the second and 
third functional blocks 20A and 20B including no test data 
output circuits. Accordingly, increase in circuit size can be 
further suppressed. That is to say, if the testing standby 
circuit 24 is built in the normal second and third functional 
blocks 20A, 20B, which both include respective circuits with 
predetermined functions, then the inter-block signal line 2 
can be tested only by building in the first and fourth func- 
tional blocks 10A and 30A, which are dedicated to the trans- 
mission and reception of the test data, respectively, and by 
connecting these blocks 10A and 3 OA to the second and third 
functional blocks 20A and 20B, respectively, in the design of 
the semiconductor integrated circuit 1 while minimizing the 
increase in its circuit size. 

(Second Embodiment) 

Hereinafter, a second embodiment of the present inven- 
tion will be described with reference to the drawings. 

Figure 9 schematically illustrates a library used in 
designing a semiconductor integrated circuit according to a 
second embodiment of the present invention. In Figure 9, a 
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library of functional blocks , in which the functional blocks 
according to the present invention are registered, is identi- 
fied by 8, the first functional block as described in the 
first embodiment by 10, the third functional block by 30 and 
5 a unidirectional functional block for outputting the result 
of a predetermined function by 40. Although not shown, the 
functional blocks as described in the first, second and third 
modified examples of the first embodiment, e.g., the testing- 
dedicated functional blocks in particular, may also be regis- 
10 tered therein. 

A method for designing a semiconductor integrated cir- 
cuit using this functional block library 8 will be outlined. 

First, in a functional block designing step, at least 
one of circuits with predetermined functions such as logic 
15 circuits, memory circuits, etc., test data output circuits, 
decision result output circuits and testing standby circuits 
is built in respective functional blocks to be components, 
thereby designing desired functional blocks. 

Next, in a functional block library forming step, the 
20 functional blocks that have been designed in the functional 
block designing step are sequentially registered into a li- 
brary. 

Subsequently, in a functional block selecting step, 
functional blocks needed for a desired semiconductor inte- 
25 grated circuit are selected from these functional blocks in 
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the functional block library. As a result, a desired semi- 
conductor integrated circuit can be designed. 

The functional blocks according to the present invention 
are registered in the functional block library. Accordingly, 
5 even if the maker of the functional blocks is different from 
the user of the library or if the circuit size is huge, a 
test among the functional blocks in the semiconductor inte- 
grated circuit designed using the designing method of this 
embodiment can be carried out easily and accurately. 

10 

(Third Embodiment) 

Hereinafter, a third embodiment of the present invention 
will be described with reference to the drawings . 

In this embodiment, circuit configuration of the test 
15 data output circuit and method for generating a test data 
pattern, which is output by the test data output circuit, will 
be described. 

Figure 10 illustrates a circuit configuration of a test 
data output circuit for a functional block according to a 

20 third embodiment of the present invention. As shown in Fig- 
ure 10, the test data output circuit 12 includes: an original 
data generating section 121 implemented as a flip-flop circuit 
with input terminal, non- inverting output terminal and invert- 
ing output terminal, in which the inverting output terminal is 

25 connected to the input terminal; and first, second, third and 
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fourth selector circuits 122A, 122B, 122C and 122D implemented 
as multiplexers, each receiving non-inverted signal and in- 
verted signal as first and second original data from the 
original data generating section 121 • 

The first through fourth selector circuits 122A through 
122D are connected to associated selection signal input ter- 
minals 123, at which selection signals are externally input, 
and to first through fourth test data output terminals 124A 
through 124D, respectively, through which respective test da- 
ta patterns are output. The first through fourth test data 
output terminals 124A through 124D are connected to respec- 
tive output signal lines (not shown), through which associat- 
ed test data patterns pass. 

For example, suppose the non-inverted input signal is 
selected for the first and third selector circuits 122A and 
122C and the inverted input signal is selected for the second 
and fourth selector circuits 122B and 122D in the test data 
output circuit 12 with such a configuration. Then, test data 
patterns such as those shown in Figure 11, which show mutual- 
ly opposite values, e.g., zeros and ones, on the inter-block 
signal lines 2 adjacent to each other in the layout of the 
semiconductor integrated circuit 1, and each bit of which is 
inverted on the time axis, can be generated. 

In outputting such test data patterns as showing comple- 
mentary relationship between the adjacent inter-block signal 
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lines 2, if a shortcircuit fault is caused between an adja- 
cent pair of inter-block signal lines 2, then the potentials 
on these lines are substantially equalized with each other 
and data on these lines gets stuck at one or zero. Thus, the 
5 decision result output circuit 36 shown in Figure 1 receives 
abnormal test data, in which one of the four bits is inverted 
compared to the test data pattern transmitted. 

Furthermore, the bits on each inter-block signal line 2 
are output while being inverted on the time axis . That is to 

10 say, since signals with alternately changing levels, i.e., 
from 0 into 1 and then from 1 into 0, are adjacent to each 
other, crosstalk can be tested more accurately. 

As described above, according to this embodiment, a 
shortcircuit fault or a fault resulting from the interference 

15 by an adjacent signal line, e.g., crosstalk, on an adjacent 
pair of inter-block signal lines 2, such as those connected 
to the first and second test data output terminals 124A and 
124B, can be detected by testing accurately. 

In this modified example, the bit width of the data is 

20 supposed to be 4 bits. If an even larger number of bits 
should be transmitted, then a desired number of selector cir- 
cuits may to be connected in parallel to each other. 

(First Modified Example of Third Embodiment) 
25 Hereinafter, a first modified example of the third em- 
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bodiment of the present invention will be described with ref- 
erence to the drawings. 

Figure 12 illustrates a circuit configuration of a test 
data output circuit for a functional block according to a 
first modified example of the third embodiment. In Figure 12, 
the same components as those illustrated in Figure 10 are 
identified by the same reference numerals and the description 
thereof will be omitted herein. In this example, a two-bit 
configuration including only the first and second selector 
circuits 122A and 122B is shown due to limitations of space. 
This modified example is characterized in that first and sec- 
ond flip-flops 125a and 125b are inserted between the selec- 
tion signal input terminal 123 and the first selector circuit 
122A and between the selection signal input terminal 123 and 
the second selector circuit 122B to form a shift register 125. 

In this configuration, the number of external pins for 
the selection signal input terminal 123 can be reduced. 
Thus, the area occupied by the interconnection lines for se- 
lection signals can be drastically cut down and no burden is 
constituted on the interconnection region of the circuit. 

The shift register 125 does not have to be dedicated to 
testing. For example, a flip-flop within a logic circuit im- 
plementing functional logic may be used as the shift register 
125 only during testing. 
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(Second Modified Example of Third Embodiment) 

Hereinafter, a second modified example of the third em- 
bodiment of the present invention will be described with ref- 
erence to the drawings . 

Figure 13 illustrates a circuit configuration of a test 
data output circuit for a functional block according to a 
second modified example of the third embodiment. In Figure 
13, the same components as those illustrated in Figure 12 are 
identified by the same reference numerals and the description 
thereof will be omitted herein. As shown in Figure 13 , the 
original data generating section 121A outputs only the origi- 
nal data through the non- inverting output terminal thereof. 
Also, in this configuration, the selection function of receiv- 
ing the original data and establishing a complementary rela- 
tionship between mutually adjacent signal lines is performed 
by first and second inverter circuits 126A and 126B imple- 
mented as exclusive-OR (XOR) circuits. Each inverter circuit 
126A, 126B receives the original data at one of its input ter- 
minals and a selection signal at the other input terminal 
thereof. In the illustrated example, selection signals with a 
complementary relationship are input to the selection signal 
input terminals 123 such that the test data patterns have a 
complementary relationship. 

In this configuration, no interconnections are needed for 
a signal from the inverting output terminal in the original 
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data generating section 121A. In addition, since the circuit 
size of an XOR circuit is generally smaller than that of a se- 
lector , for example, no burden is constituted in designing the 
functional block and the semiconductor integrated circuit. 

5 

(Third Modified Example of Third Embodiment) 

Hereinafter, a third modified example of the third em- 
bodiment of the present invention will be described with ref- 
erence to the drawings. 

10 Figure 14 illustrates a circuit configuration of a test 

data output circuit for a functional block according to a 
third modified example of the third embodiment. In Figure 14, 
the same components as those illustrated in Figure 13 are 
identified by the same reference numerals and the description 

15 thereof will be omitted herein. This modified example is char- 
acterized in that first and second flip-flops 125a and 125b 
are inserted between the selection signal input terminal 123 
and the first inverter circuit 126A and between the selection 
signal input terminal 123 and the second inverter circuit 126B 

20 to form a shift register 125. 

In this configuration, the number of external pins for 
the selection signal input terminal 123 can be reduced. Ac- 
cordingly, the area occupied by the interconnection lines for 
selection signals can be drastically cut down and no burden 

25 is constituted on the interconnection region of the circuit. 
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The shift register 125 does not have to be dedicated to 
testing. For example, a flip-flop within a logic circuit im- 
plementing functional logic may be used as the shift register 
125 only during testing. 
5 in the first and second modified examples of the first 

embodiment, testings-dedicated functional blocks, i.e., func- 
tional blocks including no circuits with predetermined func- 
tions such as logic circuits, memory circuits, etc., are 
described. In designing a semiconductor integrated circuit 
10 using the functional blocks according to the present inven- 
tion, any of the test data output circuits 12 described in re- 
spective modified examples of the third embodiment may be 
selected depending on the desired circuit size. 

15 (Fourth Modified Example of Third Embodiment) 

Hereinafter, a fourth modified example of the third em- 
bodiment of the present invention will be described with ref- 
erence to the drawings . 

Figure 15 illustrates test data output patterns of the 
20 test data output circuit in the functional block according to 
a fourth modified example of the third embodiment. A method 
for generating an output pattern will be described with refer- 
ence to Figures 15(a) through 15(c). 

First, as shown in Figure 15(a), each test data pattern 
25 is divided into two groups. In this embodiment, each test 
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data pattern is composed of 8 bits. For example, a data pat- 
tern, in which the four lower-order bits (hereinafter, 
referred to as "LSB bits") are all zero and the four higher- 
order bits (hereinafter, referred to as "MSB bits") are all 
one, may be output at a time tl. At the next time t2, a data 
pattern, in which the four LSB bits are all one and the four 
MSB bits are all zero, may be output. Thereafter, this in- 
verting output operation will be repeatedly performed a pre- 
determined number of times. 

Next, as shown in Figure 15(b), the four LSB bits are 
divided into two groups and the four MSB bits are also divid- 
ed into two groups at a time t5, thereby forming four groups 
and outputting a data pattern in which the value of one of 
the groups divided is different from that of the adjacent 
one. Thereafter, at a time t6, the pattern that was output 
at the time t5 is entirely inverted and then output. From 
the time t6 on, the pattern will be inverted and output at 
every test time. 

Subsequently, as shown in Figure 15(c), each of the four 
groups is further divided into two at a time t9, thereby 
forming eight groups and outputting a data pattern in which 
the value of one of the groups divided is different from that 
of the adjacent one. Thereafter, at a time tlO, the pattern 
that was output at the time t9 is entirely inverted and then 
output. From the time t9 on, the pattern will be inverted 
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and output at every test time. 

For example, if a test data output circuit with a simi- 
lar configuration to that of the test data output circuit 12 
shown in Figure 10 is used, such an output pattern for a test 
data pattern is easily implementable by changing the polari- 
ties of the selection signals for the respective groups ob- 
tained when a bit pattern is divided into groups. 

According to this modified example, signals with a com- 
plementary relationship are supplied through each signal line 
located on the border line between adjacent groups (indicated 
by a broken line) as shown in Figures 15(a) through 15(c). 
Thus, if this grouping is performed until the bit pattern is 
no longer divisible, complementary signals can be propagated 
through all possible combinations of adjacent signal lines, 
of which the number is represented as 2 n (where n is a posi- 
tive integer). Accordingly, an output pattern with a comple- 
mentary relationship can be generated automatically without 
taking any particular combination of adjacent signal lines 
into account. Also, the output patterns also show a comple- 
mentary relationship on the time axis. Thus, a fault result- 
ing from the interference by an adjacent signal line, such as 
crosstalk, can be detected easily and more accurately. 

It should be noted that grouping should preferably be, 
but does not have to be, equal division. 
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(Fourth Embodiment) 

Hereinafter, a fourth embodiment of the present inven- 
tion will be described with reference to the drawings. 

Figure 16 illustrates test data patterns used for 
testing a semiconductor integrated circuit according to the 
fourth embodiment of the present invention. As shown in Fig- 
ure 16, each test data pattern is composed of bits with an 
identical value and the bits in the previous test data pat- 
tern are inverted and then output at every test time. Spe- 
cifically, all the bits are output as zero at a time tl, all 
the bits are output as one at a time t2 and then all the bits 
are output as zero at a time t3 . 

Such an inverted signal can be easily generated using 
the test data output circuit 12 shown in Figure 10, for exam- 
ple. That is to say, in the test data output circuit 12, all 
of the first through fourth selector circuits 122A through 
122D may select either the non-inverted or inverted input 
signal from the original data generating section 121. 

In this case, the semiconductor integrated circuit 1 
shown in Figure 1 may be tested as in the first embodiment. 
First, the first, second and third functional blocks 10, 20 
and 30 of the semiconductor integrated circuit 1 are made to 
enter test data transmission, testing standby and test data 
reception states, respectively. 

Next, the test data patterns shown in Figure 16 are out- 
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put at such an interval as not exceeding the maximum signal 
propagation time allowed for the inter-block signal line 2. 

In this case, if such a fault as increasing the propaga- 
tion delay of the signal on the inter-block signal line 2 has 
happened, then the decision result output circuit 36 errone- 
ously takes in the test data, which was output at the previous 
time, as the received data. As a result, abnormal test data 
is received. For example, if the test data pattern that was 
output at the time tl has delayed too much when the test data 
pattern that was output at the time t2 should be received, at 
least one of the bits in the test data pattern received by the 
decision result output circuit 36 becomes zero. Similarly, if 
the test data pattern that was output at the time t2 has de- 
layed too much when the test data pattern that was output at 
the time t3 should be received, at least one of the bits in 
the test data pattern received by the decision result output 
circuit 36 becomes one. 

Next, the test result signals output by the test result 
output circuit 6, which are associated with the times tl, t2 
and t3, respectively, are monitored from the outside of the 
semiconductor integrated circuit 1. If one of the test result 
signals does not have its normal value, then the semiconduc- 
tor integrated circuit 1 is evaluated defective, or no-go. 

As can be seen, unlike the scan method used for a con- 
ventional delay test, a fault due to a signal propagation de- 
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lay on the inter-block signal line 2 can be detected quickly 
according to this embodiment without consuming a large number 
of clock cycles. 

(Fifth Embodiment) 

Hereinafter , a fifth embodiment of the present invention 
will be described with reference to the drawings. 

Figure 17(a) illustrates a circuit configuration of a 
test data output circuit for a functional block according to 
the fifth embodiment of the present invention. Figure 17(b) 
illustrates a circuit configuration of a decision result out- 
put circuit for the functional block according to the fifth 
embodiment of the present invention. As shown in Figure 
17(a), the test data output circuit 12 according to this em- 
bodiment includes first and second test data generating sec- 
tions 127 A and 127B. For example, the first and second test 
data generating sections 127A and 127B may generate the output 
patterns shown in Figures 5 and 16, respectively. 

The test data output circuit 12 in the test data trans- 
mission state receives a selection control signal, which has 
been input to a selection control signal input terminal 128, 
and outputs a selection signal for selecting either the first 
or second test data generating section 127A or 127B responsive 
to the selection control signal. A selector circuit 131 for 
outputting the selected test data pattern to a test data out- 
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put terminal 130 is provided on the outputting end of the fir- 
st and second test data generating sections 127A and 127B. 

As shown in Figure 17(b), the decision result output 
circuit 12 according to this embodiment includes first and 
second expected value comparing sections 364A and 3 64B. The 
first and second expected value comparing sections 364A and 
364B may decide whether the output patterns shown in Figures 5 
and 16, respectively, are correct or erroneous. 

The decision result output circuit 36 in the test data 
reception state receives the test data pattern at a test data 
input terminal 361, and activates either the first or second 
expected value comparing section 364A or 364B responsive to a 
selection control signal that has been input to a selection 
control signal input terminal 366. Thereafter, a decision re- 
sult is output from the expected value comparing section acti- 
vated to a latch section 365 and then output as a decision 
result signal to the outside of the functional block, as de- 
scribed above. 

As can be seen, the test data output circuit 12 has mu- 
tually different test data generating sections according to 
this embodiment. Thus, an optimum test data pattern can be 
selected depending on the situation of testing. As a result, 
testing can be performed more efficiently. 

It should be noted that part of the first test data gen- 
erating section 127A may be shared in common with the second 
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test data generating section 127B. The same statement is also 
applicable to the first and second expected value comparing 
sections 364A and 364B. 

(Sixth Embodiment) 

Hereinafter, a sixth embodiment of the present invention 
will be described with reference to the drawings. 

Figure 18 illustrates a circuit configuration of a deci- 
sion result output circuit for a functional block according 
to a sixth embodiment of the present invention. In Figure 
18, the same components as those illustrated in Figure 2 are 
identified by the same reference numerals and the description 
thereof will be omitted herein. As shown in Figure 18, the 
decision result output circuit 36 according to this embodiment 
includes means for holding HIGH data, which is output when the 
decision result supplied from the expected value comparing 
section 364 is "erroneous''. Specifically, a feedback loop is 
formed by an OR circuit 365A and a flip-flop circuit 365B in 
the latch section 365, thereby holding the HIGH data repre- 
senting a fault therein. 

For example, suppose the bit pattern shown in Figure 5 
is used as the test data pattern. In such a case, comparison 
and decision are performed at respective test times and if an 
erroneous signal has been reached, then the signal is further 
latched and held by the latch section 365. On the other 
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hand, after the decision result output circuit 36 of the 
third functional block 30 has received the entire test data 
pattern, the test result output circuit 6 of the semiconduc- 
tor integrated circuit 1 receives a decision result signal 
and outputs it as a test result to the outside of the semi- 
conductor integrated circuit 1. 

As can be seen, the decision signal of the test data 
pattern received is held by the decision result output cir- 
cuit 36 according to this embodiment. Thus, batch processing 
can be performed, i.e., all the decision signals can be 
checked at a time when testing ends. Also, until the testing 
is over, the external terminal 7 provided on the outputting 
end of the test result output circuit 6 shown in Figure 1 can 
be used for various purposes other than testing. Accordingly, 
the number of external pins can be reduced and increase in 
circuit size can be suppressed. 

(Seventh Embodiment) 

Hereinafter, a seventh embodiment of the present inven- 
tion will be described with reference to the drawings. 

Figure 19 illustrates a circuit configuration of a test 
result output circuit for a functional block according to the 
seventh embodiment of the present invention. In Figure 19, 
the same components as those illustrated in Figure 3 are 
identified by the same reference numerals and the description 
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thereof will be omitted herein. As shown in Figure 19, the 
test result output circuit 6 according to this embodiment in- 
cludes means for holding HIGH data representing that the deci- 
sion result signal supplied from the decision result output 
circuit is erroneous. Specifically, a feedback loop is formed 
by an OR circuit 63A and a flip-flop circuit 63B in the latch 
section 63, thereby holding the HIGH data representing a fault 
therein. 

As can be seen, the decision signal of the test data 
pattern received is held by the test result output circuit 6 
according to this embodiment. Thus, batch processing can be 
performed, i.e., all the decision signals can be checked at a 
time when testing ends. 

Also, the means for holding the fault signal is imple- 
mented as the single test result output circuit 6, which is 
commonly used in the entire semiconductor integrated circuit 
1. Accordingly, when the respective inter-block signal lines 
2 are tested, the required circuit size can be further re- 
duced. In addition, by the time the testing is over, the ex- 
ternal terminal 7 provided on the outputting end of the test 
result output circuit 6 shown in Figure 1 may be used for 
various purposes other than testing, and the number of exter- 
nal pins can be reduced. As a result, increase in circuit 
size can be suppressed, for example. 
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(Eighth Embodiment) 

Hereinafter, an eighth embodiment of the present inven- 
tion will be described with reference to the drawings. 

Figure 20 illustrates a circuit configuration of a deci- 
sion result output circuit for a functional block according 
to an eighth embodiment of the present invention. Each deci- 
sion result output circuit described above gets an abnormal- 
ity in a test data pattern composed of multiple bits stuck at 
a one-bit decision result and then outputs it. In contrast, 
the decision result output circuit according to this embodi- 
ment does not output the decision result signals in parallel, 
but is adapted to estimate the presence/absence of an abnor- 
mality in each bit of the test data pattern. In Figure 20, 
the same components as those illustrated in Figure 2 are 
identified by the same reference numerals and the description 
thereof will be omitted herein. As shown in Figure 20, the 
latch section 365 includes first through fourth OR circuits AO 
through A3, first through fourth selector circuits BO through 
B3 and first through fourth flip-flop circuits CO through C3 
in accordance with the bit width of the test data pattern. 

The first OR circuit AO receives first test data (Bit 0) 
at one input terminal thereof from the expected value compar- 
ing section and also receives the output signal of the first 
flip-flop circuit CO at the other input terminal thereof. 

The first selector circuit BO receives the output signal 
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of the first OR circuit AO at one input terminal thereof and 
also receives a scan signal supplied through a scan-in termi- 
nal 367A at the other input terminal thereof. 

The first flip-flop circuit CO receives the output sig- 
5 nal of the first selector circuit BO. The output signal of 
the circuit CO forms a feedback loop with the first OR cir- 
cuit AO and is also input to the second selector circuit Bl 
to form a shift register. in this conf iguration, if there is 
any abnormality in the data of Bit 0 supplied from the ex- 

10 pected value comparing section, then the HIGH data is held by 
the feedback loop. 

The second test data supplied from the expected value 
comparing section, i.e., Bit 1, is also processed similarly 
by a circuit consisting of the second OR circuit Al, second 

15 selector circuit Bl and second flip-flop circuit CI. The 
third and fourth test data, i.e., Bits 2 and 3, are also 
processed in the same way as the test data of Bit 0. 

In the test data reception state, the decision result 
output circuit 36 according to this embodiment receives a 

20 predetermined number of test data patterns shown in Figure 5, 
for example. Thereafter, responsive to a test control signal 
(not shown), the circuit 36 selectively enables one of the 
selector circuits BO through B3 to form a shift register out 
of the flip-flops CO through C3 . Then, the circuit 36 out- 

25 puts the data, which is held in the shift register, as a de- 
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cision result signal through a scan-out terminal 367B, which 
is connected to the output terminal of the fourth flip-flop 
circuit C3, to the test result output circuit 6 of the semi- 
conductor integrated circuit 1 shown in Figure 1. in this 
case, the test result output circuit 6 according to this em- 
bodiment may output the decision result signal as it is. 

As can be seen, according to this embodiment, the deci- 
sion result signal is held by the decision result output cir- 
cuit 36 for every bit of the test data pattern. Thus, the 
detailed information about the test data pattern can be 
checked without providing a larger number of interconnection 
lines or external pins. Also, batch processing can be per- 
formed, i.e., all the decision result signals can be checked 
at a time when testing ends. 

Also, when the decision result signals are checked at 
the end of testing for a semiconductor integrated circuit in- 
cluding a plurality of decision result output circuits 36 ac- 
cording to this embodiment, a new shift register may be 
formed by coupling the output of each of the shift registers 
to the input of an associated shift register. in such a 
case, the decision result signals can be read out succes- 
sively from a plurality of decision result output circuits 
36, thus improving the testing efficiency. 

Also, a feedback loop consisting of an OR circuit and a 
flip-flop circuit is used as means for holding the fault data 
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in the latch section 365. Alternatively, a multi-input sig- 
nature register (MISR) using a linear feedback shift register 
may also be employed. 

When an MISR is used, a decision result signal is held 
after having been compressed. Thus, although the detailed 
bit-by-bit information is lost, the expected value comparing 
section 362 does not have to compare a test data pattern to 
its expected value at every test time. Accordingly, the ex- 
pected value comparing section 362 may have its configuration 
simplified. Furthermore, a test data pattern, which has been 
received without passing through the expected value comparing 
section 362, may be used as it is. 

(Ninth Embodiment) 

Hereinafter, a ninth embodiment of the present invention 
will be described with reference to the drawings. 

Figure 21 illustrates a circuit configuration of a test 
data output circuit for a functional block according to a 
ninth embodiment of the present invention. As shown in Fig- 
ure 21, the test data output circuit 12 according to this em- 
bodiment includes a test data generating section 127, which 
receives a test control signal through a control signal input 
terminal 135 and generates and outputs a predetermined test 
data pattern. The circuit 12 further includes an inverted 
state generator circuit 136 as an inverted data generating 
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section, which is connected between the test data generating 
section 127 and a test data output terminal 124 and inverts 
and outputs the test data pattern generated responsive to the 
test control signal. 

Hereinafter, the operation of the test data output cir- 
cuit 12 with such a configuration and a method for testing a 
semiconductor integrated circuit including a functional block 
having the test data output circuit 12 will be described. 

First, suppose the test data output circuit 12 shown in 
Figure 21 is included in one of a plurality of functional 
blocks. If the functional block is in the test data transmis- 
sion state, then a predetermined test data pattern is generat- 
ed by the test data generating section 127 and then output as 
it is as in the first embodiment. Accordingly, a decision re- 
sult output circuit included in another functional block in 
the test data reception state compares the test data pattern 
received to its expected value, decides whether it is correct 
or erroneous and then outputs the decision result to the test 
result output circuit. 

And if still another functional block in the test data 
reception state or testing standby state includes a test data 
output circuit 12, the inverted state generator circuit 136 
of the test data output circuit 12 is activated. As a result, 
the test data pattern output from the test data generating 
section 127 is inverted and then output. 
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A specific example will be described with reference to 
Figure 1. 

First; suppose the test data output circuits 12 and 22 
included in the first and second functional blocks 10 and 20 
shown in Figure 1 both include the inverted state generator 
circuit 136 and the first, second and third functional blocks 
10 , 20 and 30 are in the test data transmission state, testing 
standby state and test data reception state, respectively. 

If the test data output circuit 12 included in the first 
functional block 10 outputs the test data pattern for the time 
tl shown in Figure 5, then the test data output circuit 22 in- 
cluded in the second functional block 20 outputs a test data 
pattern obtained by inverting all the bits of the test data 
pattern for the time tl. In this case, since the tristate 
buffer 25 of the second functional block 20 is in the high- 
impedance state and the output is blocked as described above, 
the inverted test data pattern is not output unless there is 
any fault. However, if the tristate buffer 25 is not in the 
high-impedance state due to some fault, then the signals with 
opposite logical values from the first and second functional 
blocks 10 and 20 come across each other on the inter-block 
signal line 2. Accordingly, an abnormal signal is more likely 
to reach the third functional block 30. In this manner, the 
accuracy of testing can be improved. 
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(Tenth Embodiment) 

Hereinafter, a tenth embodiment of the present invention 
will be described with reference to the drawings. 

Figure 22 illustrates a circuit configuration of a semi- 
conductor integrated circuit according to the tenth embodi- 
ment of the present invention. In Figure 22, the same 
components as those illustrated in Figure 1 are identified by 
the same reference numerals and the description thereof will 
be omitted herein. In this embodiment, first and second sig- 
nal paths 2a and 2b, such as a crossbar switch, are provided 
in part of the inter-block signal line 2 as shown in Figure 
22. Each of the test data output circuits 12 and 22 of the 
first and second functional blocks 10 and 20 includes a plu- 
rality of test data generating sections as in the fifth em- 
bodiment. And the third functional block 30 includes a 
plurality of expected value comparing sections. 

In the inter-block signal line 2, a first path switch 9A 
for selecting either the first or second signal path 2a or 2b 
is provided as a switch circuit for the output terminal of the 
first functional block 10. A second path switch 9B for se- 
lecting either the first or second signal path 2a or 2b is 
provided for the output terminal of the second functional 
block 20. And a third path switch 9C for selecting either 
signal path 2a or 2b is also provided for the input terminal 
of the third functional block 30. 
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Hereinafter, a method for testing the semiconductor inte- 
grated circuit with such a configuration will be described 
with reference to the drawings. 

First, suppose the test data output circuit 12 of the 
first functional block 10 shown in Figure 1 includes two test 
data generating sections. One of the test data generating 
sections generates the test data pattern shown in Figure 23, 
the other test data generating section generates the test data 
pattern shown in Figure 24 and one of these patterns is out- 
put. As shown in Figures 23 and 24, each test data pattern 
includes not only a bit pattern for testing, but also one-bit 
path control signal for switching the signal paths. For exam- 
ple, a path control signal "1" may correspond to the first 
signal path 2a and a path control signal "0" may correspond to 
the second signal path 2b. 

In the illustrated example, a test data generating sec- 
tion, which can output the test data pattern shown in Figure 
23 through the test control signal line 3, is supposed to be 
selected. Then, responsive to the path control signal "1" in 
the test data pattern, the first and third path switches 9A 
and 9C are activated to select the first signal path 2a. As a 
result, the test data pattern passes through the first and 
third path switches 9A and 9C and the first signal path 2a and 
then reaches the dec is ion v result output circuit 36 of the 
third functional block 30 in the test data reception state. 
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Then, the decision result output circuit 36 compares at 
least the data portion thereof (i.e., Bits 0 through 3) to the 
expected values thereof and decides whether it is correct or 
erroneous. 

Similarly, if the test data pattern shown in Figure 24 is 
output, the first and third path switches 9A and 9C are also 
activated responsive to the path control signal "0" in the 
test data pattern to select the second signal path 2b. 

As can be seen, even if a plurality of signal paths are 
provided for the inter-block signal line 2, the inter-block 
signal line 2 can be tested efficiently according to this em- 
bodiment by using selectable test data patterns associated 
with these signal paths. 



67 



